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ORIGINAL ARTICLE
Unravelling perceived fatigue and activity pacing in maintaining a physically
active lifestyle after stroke rehabilitation: a longitudinal cohort study
Bregje L. Sevesa , Trynke Hoekstrab,d , Femke Hoekstraa,c,d , ReSpAct group, Florentina J. Hettingae ,
Rienk Dekkerd and Lucas H. V. van der Woudea,d
aCenter for Human Movement Sciences, University Medical Center Groningen, University of Groningen, Groningen, The Netherlands;
bDepartment of Health Sciences and Amsterdam Public Health research institute, Vrije Universiteit Amsterdam, Amsterdam, The Netherlands;
cSchool of Health and Exercise Sciences, University of British Columbia Okanagan, Kelowna, Canada; dDepartment of Rehabilitation Medicine,
University Medical Center Groningen, University of Groningen, Groningen, The Netherlands; eDepartment of Sport, Exercise and Rehabilitation,
Northumbria University, Newcastle, UK
ABSTRACT
Purposes: To identify fatigue trajectories during/after stroke rehabilitation, to determine characteristics
associated with trajectory membership before discharge and to investigate how these trajectories and
activity pacing are associated with sustained physical activity after rehabilitation.
Methods: People after stroke (n¼ 206) were followed from 3–6weeks before discharge (T0) to 14 (T1), 33
(T2) and 52 (T3) weeks after discharge from rehabilitation in the ReSpAct study. Latent Class analysis was
used to identify trajectories of perceived fatigue. Binomial multivariable logistic regression analyses were
performed to determine characteristics associated with trajectory membership (T0). Multilevel regression
analyses were used to investigate how perceived fatigue and activity pacing were associated with self-
reported physical activity (T0–T3).
Results: Three fatigue trajectories were identified: high (n¼ 163), low (n¼ 41) and recovery (n¼ 2).
Compared with the high fatigue trajectory, people in the low fatigue trajectory were more likely to report
higher levels of health-related quality of life (HR-QoL) (OR ¼ 3.07, 95%CI ¼ 1.51–6.26) and physical activ-
ity (OR ¼ 1.93, 95%CI ¼ 1.07–3.47). Sustained high levels of physical activity after rehabilitation were sig-
nificantly associated with low perceived fatigue and high perceived risk of overactivity.
Conclusions: Three fatigue trajectories after stroke rehabilitation were identified. High levels of HR-QoL
and physical activity before discharge identified people in the low fatigue trajectory. A physically active
lifestyle after rehabilitation was associated with low perceived fatigue and perceived risk of overactivity.
 IMPLICATIONS FOR REHABILITATION
 Since almost 80% of people after stroke in this study perceived severe fatigue up to 1 year after
stroke rehabilitation, activities focusing on the management of fatigue symptoms should be inte-
grated in general stroke rehabilitation.
 In clinical practice, low levels of health-related quality of life and low levels of self-reported physical
activity before discharge from stroke rehabilitation should be considered by rehabilitation professio-
nals (e.g., physicians, physiotherapists, and physical activity counsellors) since these characteristics
can predict chronic perceived fatigue up to 1 year after stroke rehabilitation.
 A physical activity counselling programme delivered during and after stroke rehabilitation may be
improved by incorporating tailored advice regarding the management of fatigue.
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It is worrisome that most people after stroke, one of the largest
populations in rehabilitation [1,2], spend their time inactive and
sedentary [3]. This is the more so, since a physically active lifestyle
contributes to the improvement of functioning and health (e.g.,
reducing the risk of new cardiovascular events and maintaining
functional autonomy), encourages socialization (e.g., participating
in sports groups), and is deemed crucial for the quality of life
[1,3–5]. Promoting physical activity during and after stroke
rehabilitation seems to be promising and is therefore
recommended [6–9]. Although research has shown that tailored
physical activity counselling sessions can increase physical activity
levels in people after stroke [6,7], these increased physical activity
levels are not always sustained at the longer term. A possible rea-
son for this is that people after stroke may experience barriers to
obtain and maintain a physically activity lifestyle [10,11].
A common and distressing personal barrier that is often
reported by people after stroke is (perceived) fatigue, which is
also one of the strongest predictors of daily functional limitations
[12,13]. Indeed, people after stroke reported higher levels of
fatigue compared with healthy adults [14]. However, there is a
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large variability in fatigue levels reported by and measured in
people after stroke [15,16]. The wide variability in fatigue (wide
range of prevalence and intensity) in people after stroke is poten-
tially driven by population heterogeneity [13], for example, age,
sex, depression, pain, anxiety symptoms, employment status
before the stroke, pre-stroke fatigue and excessive daytime sleepi-
ness [17–20]. Furthermore, the variability in (perceived) fatigue
can be due to the large variation in measurement tools to assess
fatigue (e.g., maximal voluntary contractions versus surveys)
[13,21] and/or the large variation in definitions of fatigue [16].
Enoka and Duchateau previously raised this terminology issue and
defined fatigue as “a disabling symptom in which physical and
cognitive function is limited by interactions between performance
fatigue and perceived fatigue” [22,23]. The current study only
focused on perceived fatigue assessed with a questionnaire (the
fatigue severity scale). It explores the large variability in fatigue
among people after stroke in a longitudinal multicentre study
design focussed on the evolution over time of a physically active
lifestyle after rehabilitation [15,16,24]. This prospective question-
naire-based cohort study provided the opportunity to explore per-
ceived fatigue patterns over time (trajectories of perceived
fatigue) in people after stroke [16,25] (by performing latent class
growth mixture modelling) in the context of a physically active
lifestyle, personal, disease/health, psychosocial, lifestyle and envir-
onmental characteristics.
How people effectively manage their fatigue during the day,
for example, by dividing their daily activities into smaller, more
manageable, portions, is called activity pacing behaviour.
Questions raised when unravelling fatigue in the context of a
physically active lifestyle in general are: how do people deal with
their fatigue during the day, and how do people divide their
energy and daily physical activities during the day in order to
reduce fatigue? Two different attitudes towards activity pacing
behaviour can be identified: (1) people are at risk of underactivity
and probably more aware of how they divide their energy and
activities during the day, as they are afraid to overdo the activities
[26] and (2) people are at risk of overactivity characterized by an
un-even activity pattern consisting of high activity peaks followed
by long periods of inactivity [27–33]. The literature on activity
pacing in rehabilitation populations today is scarce [34,35]. A bet-
ter understanding of activity pacing behaviour in people after
stroke with varying levels of perceived fatigue might provide new
directions for more person-specific physical activity stimulation
programmes in rehabilitation.
The physical activity and sports stimulation programme
Rehabilitation, Sports and Exercise (RSE; Dutch: “Revalidatie, Sport
en Bewegen”) is a programme in rehabilitation practice aiming to
stimulate an active lifestyle in adults with a physical disability
and/or chronic disease [36,37]. The Rehabilitation, Sports and
Active lifestyle study (ReSpAct) is a multicentre longitudinal
cohort study (with people after stroke as a largest subgroup), that
was designed to evaluate the RSE programme [36,37] within the
context of the International Classification of Disability, Functioning
and Health [38].
The current study is part of the ReSpAct study and aimed (1)
to explore perceived fatigue with identifying trajectories of per-
ceived fatigue during and after stroke rehabilitation, (2) to deter-
mine which personal, disease/health, psychosocial, lifestyle and
environmental characteristics before discharge are associated with
the different trajectories of perceived fatigue (also called trajec-
tory membership of perceived fatigue) and (3) to explore how tra-
jectories of perceived fatigue and activity pacing are associated
with physical activity over time up to 1 year after stroke
rehabilitation. In the current study, associations between physical
activity, perceived fatigue and activity pacing will be studied in
separate statistical models to help understand the independent
role of perceived fatigue as well as in combination with activity
pacing. In this context the following hypotheses were formulated:
firstly, we hypothesized that most people after stroke perceive
chronic high fatigue levels even up till 1 year after rehabilitation
[1,13]. Secondly, we expected personal related and disease/health-
related characteristics to be associated with trajectory member-
ship of perceived fatigue. Thirdly, we hypothesized that high per-
ceived fatigue is associated with maintaining a lower physically
active lifestyle after stroke rehabilitation [39,40]. Finally, we
expected that when people after a stroke are aware of their activ-
ity pacing related decisions, it allows them to gradually enhance
physical activity after stroke rehabilitation [41–43].
Methods
Context and theoretical framework
This study is part of the multicentre longitudinal cohort study
ReSpAct that was designed to evaluate the RSE programme
[36,37]. This motivational interview-based physical activity and
sports stimulation RSE programme aims to stimulate an active life-
style in people with a physical disability and/or chronic disease
during the rehabilitation period and to guide them in maintaining
a physically active lifestyle in the home setting after discharge
from rehabilitation [36,37]. Three to six weeks before discharge
from rehabilitation, participants in the RSE programme were
referred to a physical activity counselling centre for a face-to-face
consultation with physical activity and sports counsellor, followed
by four telephone-based counselling sessions (based on motiv-
ational interviewing) up to 13 weeks after discharge from rehabili-
tation [36,37]. The RSE programme was successfully implemented
in Dutch rehabilitation practice [8].
The stages of change concept of the Transtheoretical model
and the Physical Activity for people with a Disability (PAD) model
[44] formed the theoretical basis for the RSE programme [37].
These models provide insight into the process of behavioural
change and the relationships between physical activity behaviour,
its determinants and the daily functioning of people with a dis-
ability [44]. The PAD model is an integration of the Attitude,
Social influence and self-Efficacy model in the International
Classification of Functioning, Disability and Health (ICF)
model [44].
Participants were included in the ReSpAct study from May
2013 till August 2015. Participants were followed over time: at
baseline (T0: 3–6weeks before discharge) and at 14 (T1), 33 (T2)
and 52 (T3) weeks after discharge from clinical rehabilitation [37].
Each measurement consisted of filling out a set of questionnaires.
The study was approved by the ethics committee of the Center
for Human Movement Sciences of the University Medical Center
Groningen (reference: ECB/2013.02.28_1, which can be found on
the Open Science Framework: osf.io/f4hjc/). All participants signed
informed consent.
Study population
Participants were recruited through seventeen rehabilitation insti-
tutions across the Netherlands (11 rehabilitation centres and 6
rehabilitation departments of hospitals). Inclusion criteria for the
current study were (1) being at least 18 years of age, (2) having
been diagnosed with a stroke, (3) receiving inpatient or out-
patient rehabilitation care or treatment within one of the
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participating rehabilitation institutions, (4) participating in the RSE
programme, and (5) filling in the Fatigue Severity Scale (FSS) at
two or more measurement occasions. Participants were excluded
when they were not able to complete the questionnaires, even
with help, or were participating in another physical activity stimu-
lation programme [37]. The current study concerns the cohort of
those persons with a stroke.
Measures
Self-reported physical activity
Physical activity was assessed with the Short Questionnaire to
Assess Health-enhancing physical activity (SQUASH) [45], a 19-
item self-reported recall questionnaire, which is a valid and reli-
able measurement tool to assess the total minutes of physical
activity in healthy adults [45] and in patient populations [46,47]
based on an average week in the past month. The SQUASH is
pre-structured in four main domains outlining types and settings
of activity: “commuting traffic.” “activities at work and school.”
“household activities” and “leisure time activities” including
“sports activities” [45]. The ReSpAct research team adapted the
SQUASH to make it applicable for people with a physical disability
and/or chronic disease as described elsewhere [37]. A previous
study found that the intraclass correlation coefficient for the tes-
t–retest reliability of the Adapted-SQUASH was 0.76 (p< 0.001) for
the total minutes of activity and the intraclass correlation coeffi-
cient for the validity was 0.22 (p ¼ 0.027) between the Actiheart
activity monitor and the Adapted-SQUASH [48].
Perceived fatigue
Perceived fatigue severity was assessed by using the FSS ques-
tionnaire [49,50]. The FSS (range: 1–7) is a valid and reliable ques-
tionnaire to determine the impact of perceived fatigue in several
patient populations (e.g., stroke) [51,52] and to detect change
over time [51]. A higher score on the FSS indicated greater fatigue
severity, in which a FSS score of 4 or greater indicates severe
fatigue [49].
Activity pacing
Activity pacing was assessed by using a self-constructed seven-
item questionnaire based on literature [53–55]. This questionnaire
assessed the two different attitudes of activity pacing and eval-
uated how and based on what aspects people modify their phys-
ical activity behaviour over the day. The questionnaire includes
two constructs of attitudes towards engagement in activity pac-
ing: (1) a two-item construct on persons’ perceptions of being at
risk of overactivity (Cronbach’s a¼ 0.71), and (2) a five-item con-
struct on persons’ awareness of their engagement in activity pac-
ing (Cronbach’s a¼ 0.78). The participants scored the seven items
of the questionnaire on a scale of 1–5 (1¼ never, 2¼ rarely,
3¼ sometimes, 4¼often, 5¼ very often). Sum scores were calcu-
lated for each construct (range from 2–10 and from 5–25, respect-
ively). Reliability and construct validity have been investigated by
the ReSpAct research team and a paper is in preparation [56].
Personal characteristics
Personal characteristics include sex, age at inclusion, body mass
index (BMI) in kg/m2, living situation and level of education dicho-
tomized into low (up to completed secondary education) and
high (completed applied University or higher) to make it inter-
nationally comparable.
Disease/health characteristics
Disease/health characteristics include the number of comorbidities
dichotomized into no comorbidities and one or more comorbid-
ities because this variable included all kind of diseases and dis-
abilities reported by a participant, which makes this value hard to
compare between people. The level of acceptance of the stroke
was assessed on a four-point Likert scale (1–4, no acceptance to
complete acceptance), with a higher score indicating better
acceptance of the stroke. The level of acceptance was dichotom-
ized into no (no or little acceptance) and yes (acceptance to a
large extent or completely), because the assumption for linearity
was not met. Health-related quality of life (HR-QoL) was assessed
by using the self-reported RAND-12 questionnaire [57], an
adapted, abbreviated version of the RAND-36 [58–60]. We used an
age-corrected general health score for this study [58]. A higher
score on the RAND-12 (range 0-65) indicated better quality of
life [58,59].
Psychosocial characteristics
Psychosocial characteristics include motivation towards physical
activity assessed with the 19-item Behavioural Regulation in
Exercise Questionnaire (BREQ-2) (range of the total score from
80 to 80) [61]. The BREQ-2 is factorially validated among adults
who participated in an exercise referral scheme [61]. Self-efficacy
towards physical activity (range: 0–70) was assessed by using five
items out of an existing questionnaire, which was designed to
measure one’s ability to maintain physical activity in various situa-
tions and showed good internal consistency (Cronbach’s a¼ 0.82)
[62], and two additional items formulated by the ReSpAct
research team in order to assess a more comprehensive self-effi-
cacy construct. The internal consistency of the self-efficacy ques-
tionnaire assessed in the ReSpAct cohort (n¼ 1719) improved
after adding the two items. More information on the internal con-
sistency of the self-efficacy questionnaire used in this study can
be found on the Open Science Framework (osf.io/mg6z9/).
Lifestyle characteristics
Lifestyle characteristics included the dichotomous variables smok-
ing and alcohol use (“Do you currently smoke?” and “Do you cur-
rently consume alcohol?”: yes or no). Information on sports
participation (yes/no) was obtained from an additional question
derived from the SQUASH questionnaire. If the participant
reported performing at least one sports activity per week, then
they were coded as “yes.” if not as “no.”
Environmental characteristics
Environmental characteristics include the rehabilitation and treat-
ment context and the number of received physical activity coun-
selling moments as part of the RSE programme.
Statistical analyses
Descriptive statistics at baseline (T0) of the included sample, the
excluded sample and for the trajectories of perceived fatigue
were analysed using the Statistical Package for the Social Science
(IBM SPSS Statistics, version 24). The statistical analyses for the
three aims of this study are described below.
Firstly, trajectories of perceived fatigue during and after
rehabilitation were identified by fitting latent class growth mix-
ture (LCGM) models to the data of the FSS score, with quadratic
(assuming non-linear change over time), linear (assuming linear
change over time) and latent class analyses (LCA) models [63],
using the Mplus software programme 7.11 (Muthen & Muthen,
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Los Angeles, CA). From the ReSpAct study population, only people
after stroke with at least two measurement occasions over time
were included for these analyses. LCGM models are based on
regression and structural equation modelling techniques. These
techniques assume that there are multiple underlying subpopula-
tions (or latent classes), that each follows a unique trajectory of
perceived fatigue over time, which provide us with insight in the
heterogeneity of patterns in perceived fatigue over time. The
latent classes to which individuals belong are denoted by the
term “trajectory membership.” The classes in perceived fatigue are
based on the total FSS scores at T0, T1, T2 and T3 (dependent
variables). Common stepwise modelling strategies were applied
[63]. The Guidelines for Reporting on Latent Trajectory Studies
(GRoLTS) were used to transparently report the results of the
LCGM modelling analyses [64]. First, a one-class model was deter-
mined. Subsequently, more classes were added one at a time to
investigate if the model fit improves due to the additional class
[63,65]. A 1–4 trajectory solution was inspected. The optimal num-
ber of classes was determined according to the following model
fit criteria: (1) a lower Bayesian Information Criterion (BIC), where
a difference of ten points lower is usually regarded as sufficient
improvement [66], (2) a higher entropy (range from 0 to 1), a
standardized measure of how accurately individuals’ trajectories
are classified, where higher values indicate better classification
[67,68] and (3) average posterior probabilities of 0.80 [63]. In
addition, clinical interpretation (rejecting solutions that do not
make clinical sense) of the trajectories were considered for the
optimal number of classes. Participants were classified into their
most likely class (trajectory membership) based on their posterior
probabilities.
Secondly, a binomial multivariable logistic regression analysis
was performed to assess associations between trajectory mem-
bership (dependent variable) and different independent varia-
bles: characteristics of the study population (personal, disease/
health, psychosocial, lifestyle and environmental), using the
Statistical Package for the Social Science (IBM SPSS Statistics,
version 24). Descriptive statistics of the independent variables
were analysed at baseline. Assumptions of normality and linear-
ity were met. All continuous independent variables were stand-
ardized. Independent variables at baseline were all entered
block-wise based on the PAD model (block 1: personal charac-
teristics, block 2: disease/health characteristics, block 3: psycho-
social characteristics, block 4: lifestyle characteristics, block 5:
environmental characteristics) in a multivariable model. Results
of the binomial multivariable logistic regression analysis were
presented as odds ratios (OR) and corresponding 95% confi-
dence intervals (95%CI).
Thirdly, multilevel regression analysis was performed to deter-
mine whether and how perceived fatigue and attitudes towards
engagement in activity pacing were associated with physical
activity up to 1 year after stroke rehabilitation by using MLwiN
3.0. The total minutes of physical activity based on the Adapted-
SQUASH was the dependent variable in the multilevel regression
analysis. A three-level model was used in which repeated meas-
ures (Level 1) were clustered within individuals (Level 2), and indi-
viduals were clustered within institutions (Level 3). The model was
corrected for sex, age, BMI and treatment context at baseline
(level two variables), as well as motivation and self-efficacy scores
from T0 to T3 (level one variables). These confounders are based
on the PAD model. Firstly, perceived fatigue was added in model
1 as an independent variable, a dichotomized variable based on
the identified high and low fatigue trajectories. Activity pacing for
both awareness of engagement in activity pacing and perceived
risk of overactivity were entered separately (due to collinearity) in
respectively model 2 and model 3. All continuous variables in
the multilevel model were standardized. Random intercepts
were considered thus allowing a unique intercept for each indi-
vidual participant [69]. We expected variation in physical activity
behaviour between participants. Therefore, random slopes were
entered into the model to properly account for correlations
amongst repeated measures within individuals. The independent
variables were entered separately into the initial model. During
each step goodness of fit was evaluated by comparing the
2Log Likelihood (IGLS deviance) of the previous model, with
the most recent model. In general, two-sided p-values were given,
where a p-value lower than 0.05 was regarded as statistically
significant.
To facilitate transparency and reproducibility, additional infor-
mation is available in the supplemental material and on the Open
Science Framework (osf.io/f4hjc/): (a) the dataset of perceived
fatigue at T0–T3, (b) the Mplus syntax of the LCGM modelling, the
SPSS syntax of the binomial multivariable logistic regression ana-
lysis, and the multilevel models in MLwiN, and (c) an overview
table of the statistical analyses used in the current study.
Results
Characteristics of the participants
In total 303 persons after stroke were included in the ReSpAct
study, whereof data from 206 participants (68%) completed at
least two measurement occasions with perceived fatigue data and
were included in the LGCM modelling analyses. Participants had
an average age of 55.3 ± 10.8 years and 41.7% were female
(Table 1). Descriptive statistics at T0 for included (n¼ 206) and
excluded (n¼ 97) participants for the LCGM modelling analyses
are presented in Table 1. Participants excluded for the LGCM
modelling analyses lived less independent, had worse acceptance
of the stroke, had a lower HR-QoL score, smoked more, and
received less physical activity counselling moments after
rehabilitation.
Trajectories of perceived fatigue
LCGM modelling showed distinct trajectories of perceived fatigue
based on the total FSS score after rehabilitation (n¼ 206). The
results of the fit indices for quadratic, linear and LCA models with
one to four trajectories are presented in Table 2. According to the
model fit criteria (Table 2) and clinical interpretation, the three-
trajectory linear model for perceived fatigue was superior.
Quadratic and LCA models were considered but showed worse
statistical fit compared with the linear models. Three fatigue tra-
jectories were identified whereof one large and stable trajectory
with slightly increasing high perceived fatigue over time (labelled
“high.” n¼ 163, 79.1%), one smaller stable trajectory with slightly
decreasing low perceived fatigue over time (labelled “low.” n¼ 41,
19.9%), and one very small trajectory with a large decline in per-
ceived fatigue (labelled “recovery.” n¼ 2, 1.0%) (Figure 1).
Supplementary figures can be found on the Open Science
Framework (see osf.io/f4hjc/), including estimated mean trajecto-
ries for each model and the estimated with observed means for
the final model. For each trajectory of perceived fatigue, the esti-
mated mean with individual trajectories are presented in Figure 2.
Although the average course of perceived fatigue is relatively
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stable over time, Figure 2 shows that heterogeneity within the
identified trajectories of perceived fatigue is high. Most individual
trajectories in the trajectory of high perceived fatigue lie above
the cut-off point (FSS > 4) for severe fatigue (Figure 2(A)) and in
the trajectory of low perceived fatigue lie below this cut-off point
(Figure 2(B)). The two individual trajectories within the trajectory
of recovery perceived fatigue show a large shift from severe
fatigue (T0–T1) to low fatigue (T2–T3). The trajectory of recovery
perceived fatigue was left out of further analyses due to the too-
small sample size.
Characteristics of the trajectories of perceived fatigue
Baseline descriptive statistics of characteristics – 3 to 6weeks
before discharge from rehabilitation (T0) – of the trajectories of
high and low perceived fatigue are displayed in Table 3. Binomial
multivariate logistic regression analysis was performed to deter-
mine which characteristics (personal, disease/health, psychosocial,
lifestyle and environmental) could discriminate between the tra-
jectories of high and low perceived fatigue (Table 3). Compared
with the trajectory of high perceived fatigue, people after stroke
in the trajectory of low perceived fatigue were more likely to
Table 2. Fit indices for latent class growth mixture models with 1–4 trajectories of perceived fatigue (FSS score) in people after stroke rehabilitation (n¼ 206).
Perceived fatigue (FSS score)
Number of classes BIC Entropy
Average posterior
probability (min.–max.)
Number of participants in each trajectory class
1 2 3 4
Linear analyses
1 5327.57 NA 1.0 206
2 5301.43 0.78 0.93 (0.91–0.95) 39 167
3 5298.09 0.86 0.94 (.88–1.00) 163 41 2
4 5304.35 0.85 0.89 (0.74–1.00) 155 42 2 7
Pattern analyses
1 5647.17 NA 1.0 206
2 5417.01 0.83 0.93 (0.90–0.97) 61 145
3 5343.73 0.80 0.91 (0.88–0.92) 30 72 104
4 5343.08 0.82 0.88 (0.82–0.92) 27 107 65 7
Quadratic analyses
1 5324.51 NA 1.0 206
2 5304.46 0.78 0.93 (0.91–0.95) 38 168
3 5303.18 0.83 0.91 (0.89–0.95) 35 166 5
4 5306.05 0.83 0.90 (0.77–1.00) 36 155 13 2
BIC: Bayesian Information Criterion; NA: not applicable; FSS: Fatigue Severity Scale. Note: in bold are the values of the chosen model.
Table 1. Participants’ descriptive statistics at baseline for participants included (n¼ 206) and excluded (n¼ 97) in the latent class growth
mixture modelling analyses.
Characteristics
Included in LCGMM Excluded for LCGMM
Test value p-ValueMean ± SD or % (n) Mean ± SD or % (n)
Personal
Sex (% female) 41.7 (86) 45.4 (44) 0.35 0.553
Age (years) 55.3 ± 10.8 52.8 ± 11.4 1.77 0.077
Body mass index (kg/m2) 26.5 ± 4.6 27.1 ± 5.3 0.95 0.342
Education level (% high)a 20.4 (42) 8.2 (8) 2.97 0.085
Living situation (% independent) 88.3 (182) 57.7 (56) 9.37 0.002
Activity pacing
Perceived risk of overactivity 6.9 ± 1.9 6.9 ± 2.0 0.04 0.968
Awareness of activity pacing 17.8 ± 3.4 17.9 ± 3.4 0.30 0.768
Psychosocial
Motivation 45.1 ± 21.5 48.8 ± 21.3 1.34 0.181
Self-efficacy 41.1 ± 11.5 39.6 ± 12.9 0.92 0.361
Disease/health
Fatigue (FSS score) 4.3 ± 1.4 4.6 ± 1.6 1.44 0.152
Acceptance (% yes) 51.0 (105) 24.7 (24) 6.85 0.009
Comorbidity (% yes)b 33.0 (68) 23.7 (23) 0.01 0.951
HR-QoL (general health) 38.6 ± 8.7 35.2 ± 8.3 2.30 0.023
Lifestyle
PA (total minutes per week) 963.3 ± 818.0 1049.3 ± 943.4 0.76 0.447
Sports participation (% yes) 54.4 (112) 48.5 (47) 0.00 0.994
Smoking (% yes) 11.2 (23) 11.3 (11) 3.87 0.049
Alcohol use (% yes) 34.5 (71) 19.6 (19) 0.13 0.716
Environmental
Treatment form (% outpatient)c 88.8 (183) 89.7 (87) 0.05 0.823
Treatment context (% hospital) 27.7 (57) 25.8 (25) 0.12 0.729
Amount of physical activity counselling
moments after rehabilitationd
2.8 ± 1.4 2.0 ± 1.6 3.97 <0.001
aCompleted applied University or higher; bpercentage of participants with one or more comorbidities; ctreatment form includes outpatient
and inpatient; dparticipants in the Rehabilitation, Sports and Exercise programme received four telephone-based counselling sessions with a
sports counsellor.
SD: Standard deviation; n: number of participants; LCGMM: latent class growth mixture modelling; FSS: Fatigue Severity Scale; HR-QoL:
Health-related Quality of Life; PA: physical activity.
Values in bold: the characteristic is significantly different (p< 0.05) between the participants included and those excluded from the LCGMM,
based on independent sample t-tests for continuous variables and based on Chi-squared tests for categorical variables.
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experience high levels of HR-QoL (OR ¼ 3.07, 95%CI ¼ 1.51–6.26)
and were more likely to be physically active (OR ¼ 1.93, 95%CI ¼
1.07–3.47) at baseline (T0) (Table 3).
Fatigue and activity pacing associated with physical activity
Descriptive statistics of self-reported physical activity from T0 to
T3 are presented in Figure 3, both for the trajectories of high and
low perceived fatigue. People in the trajectory of low perceived
fatigue had higher levels of physical activity over time compared
to people in the trajectory of high perceived fatigue (Figure 3).
Results of the multilevel regression analysis are presented in Table
4. A random intercept model at level 2 did improve the model fit,
but a random intercept model for rehabilitation institutions did
not improve the model fit. The third multilevel model showed
that the trajectory of low perceived fatigue (b¼ 0.57[0.14], 95%CI
¼ 0.30–0.84) and higher levels of the perceived risk of overactivity
(b¼ 0.11[0.05], 95%CI ¼ 0.02–0.20) were simultaneously associ-
ated with higher levels of self-reported physical activity (min/
week) after correction for sex, age, BMI, treatment context, motiv-
ation and self-efficacy (Table 4). People in the trajectory of low
perceived fatigue had almost half a standard deviation higher lev-
els of self-reported physical activity over time compared to people
in the trajectory of high perceived fatigue. High awareness of
activity pacing was not significantly associated with self-reported
physical activity. Random slopes did not improve the model fit.
Discussion
Firstly, the current study aimed to explore perceived fatigue with
identifying fatigue trajectories during and after stroke rehabilita-
tion using LCGM. We identified two main trajectories of perceived
fatigue (high and low) during and after discharge from stroke
rehabilitation and one very small trajectory (recovery). Most peo-
ple after stroke (79.1%) perceived high fatigue even up to 1 year
after rehabilitation, while 19.9% of the sample indicated a trajec-
tory of low perceived fatigue. This finding highlights that per-
ceived fatigue is a very common and chronic symptom in people
after stroke, which is in accordance with previous literature
[12,14]. Although most people after stroke were assigned to sta-
ble trajectories of perceived fatigue, high levels of within-person
heterogeneity were found, indicating that levels of perceived
fatigue might fluctuate over time (Figure 2). On average, the
fatigue severity identified in our sample 3–6weeks before dis-
charge from stroke rehabilitation (FSS score ¼ 4.3 ± 1.4) is lower
compared to that in patients with fibromyalgia (FSS score ¼ 6 ± 1)
[70] and patients with rheumatoid arthritis (FSS score ¼
5 ± 1) [70].
Secondly, this study determined which characteristics (per-
sonal, disease/health, psychosocial, lifestyle and environmental)
before discharge from rehabilitation are associated with the two
main trajectories of perceived fatigue. High levels of HR-QoL and
high levels of physical activity before discharge distinguished peo-
ple in the trajectory of low perceived fatigue from people in the
trajectory of high perceived fatigue. In general, most personal and
disease/health characteristics were not found to be significant
characteristics of trajectory membership of perceived fatigue,
which contrasts with our hypothesis. A possible explanation for
this is that previous literature mostly focused on predictors for
fatigue up to 6months after stroke [71,72], while the current
study determined predictors for fatigue from 3–6weeks before
discharge up to 1 year after stroke rehabilitation. Probably, predic-
tors for fatigue early after stroke, like personal and disease/health
characteristics, are not necessarily predictors for fatigue in the
chronic phase after stroke.
Thirdly, this study explored how the trajectories of high and
low perceived fatigue and activity pacing are associated with self-
reported physical activity up to 1 year after stroke rehabilitation.
We found that people after stroke in the trajectory of low per-
ceived fatigue, who participated in the physical activity stimula-
tion RSE programme [36,37], showed higher levels of self-reported
physical activity even up to 1 year after discharge from rehabilita-
tion compared to people in the trajectory of high perceived
fatigue. Note: this is not a causal relationship. This finding sup-
ports literature on the benefits of counselling on promoting par-
ticipation in physical activity during and after stroke rehabilitation
[6,7]. However, most of our sample showed high levels of per-
ceived fatigue which in turn were associated with low levels of
self-reported physical activity up to 1 year after rehabilitation after
correction for several confounders. Although 63% of our sample
did receive three or more counselling moments, the content of
the counselling from physical activity and sports counsellor during
and after rehabilitation may be improved by providing more tar-

































Figure 1. Three trajectory model of perceived fatigue (FSS score) during and after rehabilitation in people after stroke (n¼ 206), based on latent class growth mix-
ture modelling.
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our results did not support our hypothesis that people after
stroke who are aware of their engagement in activity pacing are
more physically active. We found that people who perceived to
be at risk of overactivity, are not afraid to overdo, because they
reported higher levels of physical activity. However, the RSE pro-
gramme did not specifically focus on the management of fatigue
and/or activity pacing behaviour. We are not sure if advice on
fatigue has been provided by rehabilitation professionals during
and after rehabilitation. Tailored advice on how to manage
fatigue and energy during the day in people after stroke might
be recommended. Abonie et al. concluded in their meta-analysis
that both perceived fatigue severity and levels of physical activity
improved after activity pacing interventions in patients with
chronic diseases [35].
Strengths and limitations
The principal strength of the current study lies in its multicentre
longitudinal cohort design, including one baseline measurement
and three follow-up measurements up to 1 year after stroke
rehabilitation, and the use of LCGM modelling to identify trajecto-
ries of perceived fatigue. To our knowledge, a data-driven LCGM
modelling has never been used before to analyse the course of
perceived fatigue during and after discharge from stroke rehabili-
tation, which has some advantages compared to the traditional
way of summarizing patient-data over time into “the average of a
group” [63]. This specific methodological technique categorises
people based on their developmental pattern instead of on a-pri-
ori classification in predefined groups [62,69]. Also, this Latent
Class Growth approach categorises people in homogenous sub-
groups, which might represent different underlying subpopula-
tions requiring different interventions regarding the management
of perceived fatigue [63]. To support this data-driven approach,
open communication of the performed analyses and results is
important. Therefore, to make the LCGM modelling more trans-
parent, the data, syntax and results are available on the Open
Science Framework (osf.io/f4hjc/), and we used the GRoLTS check-
list [64] in reporting the results of the LCGM modelling analyses.
Some limitations of this study need to be addressed. An
important point of discussion is the decision of the number of
classes and the low sample size in one of the classes when con-
sidering both the model fit criteria and clinical interpretation.
Choices made during the modelling process based on model
fit criteria, but also the sample size and the number of measure-
ment occasions have been shown to influence the number and
characteristics of the identified classes in the final model [73–77].
This may influence the interpretation of the models and subse-
quent implications. The identified “recovery” trajectory consisted
of only two people, excluding further secondary statistical
analyses.
We are not able to describe our study population in terms of
the type of stroke, the severity of the stroke and the side of affec-
tion, because these data were not available in more detail in the
current study. However, we think that stroke severity would not
be a significant determinant for trajectory membership, since a
recent study of Chen and Marsh (2018) found that early post-
stroke fatigue (<6months after stroke) was largely attributable to
characteristics of the stroke (e.g., stroke severity), while chronic
fatigue (>6months after stroke) was not [71]. In the ReSpAct
study, fatigue was assessed from 3–6weeks before discharge up
to 1 year after rehabilitation, which is the chronic phase after
stroke. Besides the lack of these stroke-related variables, the cur-
rent study did not use stroke-related questionnaires. Also, the
multicentre longitudinal cohort study ReSpAct is entirely question-
naire-based. Measurements on performance fatigue and object-
ively measured physical activity could have improved the
current study.
Finally, people after stroke often may have comorbidities such
as cognitive impairments and/or communication issues, which are
often exclusion criteria in stroke research [78]. The ReSpAct study
included in that sense a positive selection of people after stroke,
who were – at the time of inclusion, at the end of their rehabilita-




























































































Figure 2. Individual trajectories within each trajectory of perceived fatigue,
based on latent class growth mixture modelling: (A) High, n¼ 163, (B) Low,
n¼ 41, (C) Recovery, n¼ 2.
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fill in the questionnaires by themselves or with help at several
measurement moments over a long period of time. This leads to
the assumption that the population in the current study was a
positive selection and may not have had severe cognitive impair-
ments or communication issues. Besides, the excluded partici-
pants in the current study lived less independent and had worse
acceptance of the stroke, which stresses the assumption that the
persons we finally included may have had a less severe stroke.
Therefore, the generalizability of the findings of the current study
to other stroke populations should be done with caution. Also,
our stroke population seems to be on average less physically
active before discharge from rehabilitation (963± 818min/week
assessed with the Adapted-SQUASH) compared with patients after
total hip arthroplasty (1694 ± 1173min/week) [51], patients
with multiple sclerosis (1815min/week) [72], patients after total
knee replacement (1347 ± 1278min/week) [73], and healthy
adults (3045 ± 931min/week) [50], all assessed with the self-
reported SQUASH.
Practical implications and future directions
We recommend rehabilitation professionals (e.g., physicians,
physiotherapist, sports counsellors) to pay attention to fatigue
symptoms in people after stroke. Especially people after stroke
who are less physically active and perceive low levels of HR-QoL
3–6weeks before discharge are at risk of perceiving high levels of
fatigue even up to 1 year after the rehabilitation.
However, it is still unclear which advice on the management
of fatigue (e.g., activity pacing) reduces fatigue and enhances
physical activity during and after stroke rehabilitation. Firstly,
qualitative research on fatigue and activity pacing in the context
of a physically active lifestyle could improve our knowledge of
these constructs. Also, to improve our understanding on activity
pacing in people after stroke, it is recommended to use object-
ively measured activity pacing (by using accelerometers) to deter-
mine how people divide their physical activities during the day,
like in previous studies on people with rheumatoid arthritis [79]
and in people with osteoarthritis [80,81]. Thereafter, more
research is needed focusing on the development of treatments
aiming to reduce perceived fatigue levels and to enhance physical
activity after rehabilitation.
Table 3. Descriptive statistics of characteristics 3–6weeks before discharge (T0) for the high (n¼ 163) and low (n¼ 41) trajectories of perceived fatigue among peo-
ple after stroke and binomial multivariate logistic regression analysis to distinguish between those trajectories.
Characteristics
Descriptive statistics Test statistics
High fatigue (n¼ 163) Low fatigue (n¼ 41) High (reference) vs. Low
pMean± SD or % (n) Mean ± SD or % (n) Odds ratio (95% CI)
Personal
Sex (% female) 43.6 (71) 34.1 (14) 0.34 (0.10–1.15) 0.084
Age (years) 55.6 ± 10.7 54.4 ± 11.1 0.65 (0.31–1.34) 0.243
Body mass index (kg/m2) 26.8 ± 4.8 25.1 ± 4.0 0.96 (0.45–2.08) 0.923
Education level (% high)a 19.0 (31) 26.8 (11) 1.92 (0.53–7.01) 0.324
Living situation (% independent) 89.0 (145) 85.4 (35) 2.93 (0.08–102.01) 0.554
Disease /health
Acceptance (% yes) 46.6 (76) 65.9 (27) 0.69 (0.21–2.29) 0.543
Comorbidity (% yes)b 33.1 (54) 31.7 (13) 2.59 (0.73–9.17) 0.139
HR-QoL (general health) 37.0 ± 7.8 45.1 ± 9.2 3.07 (1.51–6.26) 0.002
Psychosocial
Motivation 42.6 ± 22.1 55.7 ± 15.2 1.89 (0.90–3.98) 0.092
Self-efficacy 39.3 ± 11.4 47.9 ± 9.3 1.84 (0.97–3.48) 0.061
Lifestyle
PA (total minutes per week) 884.5 ± 735.5 1294.6 ± 1049.6 1.93 (1.07–3.47) 0.029
Sports participation (%yes) 53.4 (87) 61.0 (25) 0.88 (0.30–2.64) 0.831
Smoking (% yes) 11.7 (19) 9.8 (4) 0.97 (0.17–5.50) 0.975
Alcohol use (% yes) 36.2 (59) 29.3 (12) 0.41 (0.11–1.54) 0.185
Environmental
Treatment form (% outpatient)c 91.4 (149) 80.5 (33) 0.28 (0.04–1.82) 0.183
Treatment context (% hospital) 29.4 (48) 22.0 (9) 0.87 (0.24–3.10) 0.826
Number of physical activity counselling moments after rehabilitationd 2.8 ± 1.4 2.5 ± 1.4 094 (0.62–1.43) 0.766
aCompleted applied University or higher; bPercentage of participants with one or more comorbidities; cTreatment form includes outpatient and inpatient;
dParticipants in the Rehabilitation, Sports and Exercise programme received four telephone-based counselling sessions with a sports counsellor.
SD: Standard deviation; n: number of participants; FSS: Fatigue Severity Scale; HR-QoL: Health-related Quality of Life; PA: physical activity; CI: confidence interval;
ref.: reference category.









































Figure 3. Self-reported physical activity (min/week) during and after rehabilita-
tion in the high (n¼ 163) and low (n¼ 41) trajectories of perceived fatigue,
based on descriptive statistics (medians).
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Conclusion
This study identified two main trajectories of perceived fatigue
and one very small trajectory during and after stroke rehabilita-
tion: high, low and recovery. Almost 80% of people after stroke
perceived severe fatigue even up until 1 year after the rehabilita-
tion. High levels of HR-QoL and high levels of self-reported phys-
ical activity before discharge identified people after stroke in the
low fatigue trajectory. Furthermore, higher levels of self-reported
physical activity over time after rehabilitation were associated
with low perceived fatigue and high perceived risk of overactivity
simultaneously. Early identification of perceived fatigue is import-
ant in the context of a physically active lifestyle. Future research
may consider activity pacing as being of added value to rehabili-
tation programmes.
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